Abstract The purpose of this study was to determine the association between deaths owing to terrorism, civil war and one-sided violence from 1994-2000 and disability-adjusted life years (DALYs) attributable to diarrheal and related diseases, schistosomiasis, trachoma and the nematode infections (DSTN diseases) in 2002 among World Health Organization Member States. Deaths resulting from terrorism, civil war and one-sided violence were significantly related to DSTN DALYs across the majority of sex-age subgroups of the populace, after controlling for baseline levels of improved water/sanitation and a variety of economic measures: overall, a 1.0% increase in deaths owing to terrorism and related violence was associated with an increase of 0.16% in DALYs lost to DSTN diseases. Associations were greatest among 0-to-4-year olds. The results of the present study suggest that DSTN disease control efforts should target conflict-affected populations with particular attention to young children who suffer disproportionately from DSTN diseases in these settings. In view of the evidence that terrorism and related violence may influence DSTN DALYs in the longer term, control strategies should move beyond immediate responses to decrease the incidence and severity of DSTN diseases to seek solutions through bolstering health systems infrastructure development among conflictaffected populations. ª 2013 2210-6006/$ -see front matter ª
Introduction
Among those infectious diarrheal diseases most highly associated with unsafe water and inadequate sanitation are diarrheal diseases (including cholera, salmonellosis, shigellosis, amoebiasis, and other bacterial, protozoal and viral intestinal diseases), schistosomiasis, trachoma and the nematode infections (ascariasis, trichuriasis and hookworm disease). Taken together, these diseases account for approximately 5.0% of the global burden of disease, with diarrheal diseases (4.1%) disproportionately contributing to this toll of death and disability [1] . Diarrheal diseases are the second leading cause of death among children under 5 years old, killing more than 1.5 million children annually [1] . More than 200 million people worldwide are infected with schistosomiasis, and 700 million are at risk for this infection as a result of exposure to unsafe water and inadequate sanitation [2] . Trachoma is responsible for approximately 3.0% of the worldÕs blindness and visual impairments among approximately 5 million people worldwide [3] . There are 2 billion intestinal nematode infections affecting one third of the worldÕs population, with the largest percentage attributable to ascariasis. Globally, ascariasis causes about 60,000 deaths each year, predominantly among children [4] .
In recent years a growing body of research has recognized the importance of the longer-term impact of armed conflict and related violence in the development of infectious and parasitic diseases [5] [6] [7] . This literature differentiates between the direct or immediate effects of armed conflict and related violence (e.g. battle deaths) from their indirect or longer-term effects on public health. Civil war and related violence influences the transmission of infectious and parasitic diseases in the long-term largely through deterioration of healthrelated infrastructures, including damage to water supplies, electricity, and sewage disposal systems necessary for health care services to operate [8] .
Other indirect effects of conflict and related violence on morbidity and mortality from infectious diseases include reduced public and private investment in health, economic recession, increased poverty, famine, departure or death of health care workers, lack of shelter and overcrowding, and the displacement and forced resettlement of large numbers of persons resulting in reduced access to health care resources, food, safe water and adequate sanitation [9, 10] .
Despite the increasing recognition of the longerterm consequences of conflict and related violence on infectious and parasitic diseases, only two studies to date have quantitatively addressed the relationship [11, 12] . Both of these studies examined the relationship between civil war deaths from 1991-1997 and global burden of disease, as measured by disability-adjusted life years (DALYs), attributable to specific communicable diseases in 1999. The DALY is a measure that combines information on morbidity and mortality for specific causes and is derived as the sum of years of life lost to premature mortality plus the years of life lost to disability in a population [13] . Controlling for an array of economic and related factors (e.g., health care expenditures, and urban growth), civil war deaths were not found to be associated with diarrheal diseases, schistosomiasis, trachoma, or the nematode infections.
The work by Ghobarah et al. [11, 12] has significantly increased the knowledge of the relationship between civil war and longer-term morbidity and mortality attributable to infectious diseases. However, this research did not directly control for major determinants of infectious disease morbidity and mortality, that is, the percentage of population with improved water resources and sanitation facilities, number of refugees in host countries and the number of persons affected by natural disasters. The absence of associations between civil war deaths and DALYs owing to diarrheal and related diseases, schistosomiasis, trachoma and the nematode infections (DSTN) diseases may have been, in part, the result of neglecting to transform DALY outcome measures that are skewed as required to satisfy the linearity assumption of the regression models. Foremost, these authors did not assess the impact of terrorist actions and one-sided violence on longer-term morbidity and mortality. One-sided violence is defined as the use of armed force by the government or by a formally organized group against civilians and includes genocide and summary execution of prisoners [13] . Between 1989 and 2004, the vast majority of fatalities from one-sided violence have taken place in countries experiencing armed conflict and terrorism [13] [14] [15] [16] strongly suggesting that these three forms of intimately related violence be combined to better reflect the nature and intensity that has increasingly characterized civil conflict.
The present study builds upon prior work on the relationship between civil war deaths and longerterm morbidity and mortality attributable to infectious diseases. It is hypothesized that increasing numbers of deaths due to terrorism, civil war and one-sided violence from 1994-2000 will be associated with increasing levels of morbidity and mortality (as measured by DALYs) in 2002 attributable to DSTN diseases among WHO Member States. This study will control for the effects of diseasespecific vulnerability factors (i.e., percent of the population using improved water resources/percent of the population using improved sanitation facilities) and a number of economic factors (e.g., health expenditures, urban growth) generally measured at baseline in 1994. It is further predicted that terrorism, civil war and related violence on these infectious and parasitic diseases in the longer-term will inversely impact the majority of age-sex subgroups of the populace, and that this impact will be greatest among children under 5 years of age.
Method

Outcome: diarrheal and related disease DALYs
The outcome variables were the number of DALYs (in thousands) owing to DSTN diseases for 2002 among 183 of the 192 WHO Member States for the total sample and among sex and age subgroups of the populace [17] . DALYs are calculated as the sum of the years of life lost as a result of premature mortality and healthy years of life lost as a result of disability [13] . The 2002 DALYs used in the present study were discounted. Discounting reflects a social preference of healthy years now, rather than in the future [18] . Discounting is accomplished by decreasing annually the value of a year of life by a fixed percentage, in the case of 2002 DALYs, by 3% [19] . The DALY data were the most recently available that were disaggregated by age and sex.
Exposure: deaths from terrorism, civil war and one-sided violence
Since the severity and scope of civil war has changed over the last three decades to increasingly include fatalities arising from terrorist actions and one-sided violence, the major exposure variable in this study was the sum of these three types of intimately related violence [14] [15] [16] .
Data on the number of deaths among victims and perpetrators resulting from terrorist actions from 1994-2000 were derived from the 2010 update of the National Consortium for the Study of Terrorism and Responses to Terrorism, Global Terrorism Database (GTD) [20] . Terrorist incidents include those that are intentional, achieve some level of violence or threat of violence, and are perpetrated by sub-national, non-State actors.
Data for civil war deaths occurring between 1994-2000 were derived from the battle deaths database [16, 21] . Civil war is defined as armed conflict occurring between the government of a State and one or more internal opposition groups with or without intervention from other States. Civil war conflict is a contested incompatibility that concerns governments and/or territory where the use of armed force between two parties, of which at least one is the government of the State, results in at least 25 battle deaths. Battle deaths are defined as deaths resulting directly from violence inflicted through the use of armed force by a party to armed conflict.
Deaths resulting from one-sided violence for the years 1994-2000 were available from the onesided violence database [13] . One-sided violence is defined as the use of armed force by the government of the State or by a formally-organized group against civilians which results in at least 25 deaths and includes genocide and summary execution of prisoners. Only one-sided violence deaths perpetrated by government actors were included since those perpetrated by formally-organized groups overlapped with those included in the GTD.
Pre-existing vulnerability control variables
The WHO defines two indicators to measure access to safe drinking water and basic sanitation: (1) the percentage of the population using improved drinking water sources; and (2) the percentage of the population using improved sanitation facilities [22] . For the purposes of this research, the percentages of the population using improved water sources and improved sanitation facilities were summed for the year 1994.
Economic and related control variables
Civil wars related to violence displace large populations either internally (i.e., internally displaced persons) or as refugees, including asylum seekers, or people owing to a well-founded fear of persecution for reasons of race, religion, nationality or membership of a particular social group or political opinion, outside their country of origin [23] . Refugees/asylum seekers/displaced persons are at an increased risk of disease and premature mortality from a variety of communicable and non-communicable diseases and malnutrition [23] .
The number of refugees/asylum seekers/displaced persons (in thousands) residing in each host country at the end of the year 1994 served as an important control measure. These data were avail-able from the United Nations High Commissioner for RefugeeÕs Statistical Yearbook [24] . Similar to all control variables used in the present analyses, except the number of deaths/homeless/affected by natural disasters from 1994-2000, the number of refugees/asylum seekers/displaced persons was measured at the baseline, that is, as close to the year 1994 as the available data would allow.
The immediate health impact of natural disasters includes illness, disability and death typically associated with the spread of infectious diseases [25] . The natural disaster variable combined the number of deaths (persons confirmed as dead or missing), number of homeless (persons needing immediate shelter), and number affected (i.e., people requiring immediate assistance with regard to basic survival needs such as food, water and sanitation), in thousands, occurring at the country level for the years 1994-2000. Data were available from the emergency events database maintained by the WHO Collaborating Center for Research on Epidemiology and Disasters [26] .
Numerous characteristics of the physical urban environment, including density of development, provisions for safe water and adequate sanitation infrastructure, and maintenance of public spaces are all predicted to adversely influence health outcomes [27] . This would be particularly true during the period of observation in the present study (i.e., between 1990-1995), when urban growth was occurring chaotically in less developed regions, but has essentially stabilized among most developed countries [28] . Urbanization was measured as the average percentage change in the urban population between 1990 and 1995, data collected routinely by the UN Department of Economic and Social Affairs and available on the UN Millennium Goals Database [29] . It is a longstanding and generally accepted principle that morbidity and mortality are reduced through public investments in health, sanitation and nutrition. Health economists have continually observed that Ôwealth-ier is healthierÕ [30] . General government health expenditures as a percentage of total government expenditure (GGHE as a percentage of TGE) were also included as a critical control measure of health financing systems. Data on GGHE as a percentage of TGE for 1994 were available from the WHO Global Health Observatory Database [22] .
Differences within a country in ethnic, linguistic and/or religious composition can be a major source of political contention and conflict. In turn, this produces discrimination and unequal access to political power that translates into inequality in access to care [11] . Dominant groups defined by ethnicity, language and/or religion often deflect public health expenditures away from minorities, just as the wealthy shift resources away from the disadvantaged into government programs that would provide greater benefits to them. The measure of ethnic heterogeneity in this study is derived from Vanhanen [31] that combines racial, linguistic and religious division, each measured as the percentage of the largest group of a countryÕs population for the years 1994-1996. These three percentages are summed and its inverse measures the degree of ethnic heterogeneity.
Tropical climate is a critical determinant for the development of infectious and parasitic diseases, and tropical country status is included in models in which communicable disease DALYs serve as outcome variables in this study [32] . Tropical country status was operationalized as a dichotomous variable (1 = at least one-half of the land mass in the tropics, and 0 = less than one-half of the land mass in the tropics). Data on tropical country status are collected by the International Union for the Conservation of Nature [33] .
Statistical analyses
Using deaths from terrorism, civil war and onesided violence in the years 1994-2000 produces a two-year lag to DSTN DALYs in 2002. The two-year lag between exposure to terrorism and related violence and DALYs attributable to the infectious and parasitic diseases examined in this study seems reasonable in terms of both the morbidity and mortality associated with these diseases. DALYs in 2002 reflect years of life lost owing to deaths from DSTN diseases during 2002 plus the disability incurred by people experiencing these same conditions in 2002. Thus, these are not deaths or disabilities experienced in earlier years during which the terrorism and related violence was active.
Prior to multivariable analyses, descriptive statistics will be presented for all study variables, including totals by age and sex and means, as appropriate. Multivariable linear regression analyses will also be conducted to examine the relationships between deaths from terrorism, war and onesided violence from 1994 to 2000 and DSTN DALYs in 2002, controlling for pre-existing vulnerability and economic factors at baseline. Analyses were also conducted for the total sample and separately for age and sex (0-4, 5-14, 15-44, 45-59 and 60+ years) subgroups. Nine of the 192 WHO Member States had missing data on control variables and were excluded from the analyses, leaving 184 States. The majority (n = 8) of these countries were small islands or microstates. Rwanda was additionally eliminated from the analyses because the country experienced 500,000 deaths as a result of genocide, rendering it an extreme outlier (leaving information on a total of 183 WHO Member States subject to analyses). The DALY outcome measures, the war and related violence exposure measure, and two control measures (number of deaths/ homeless/affected by natural disasters and number of refugees/asylum seekers/displaced persons) were log transformed as the result of skew in order to satisfy the linearity assumption of the linear regression models. Table 1 shows the results from the multivariable linear regression analyses examining the relationships between deaths as a result of terrorism, war and one-sided violence from 1994-2000 and DALYs attributable to DSTN diseases in 2002 by sex. Regardless of sex, deaths as a result of terrorism, war and one-sided violence were significantly related to DSTN DALYs. On average, the beta coefficients associated with these relationships was 0.16, indicating that a 1.0% increase in deaths owing to terrorism, war and one-sided violence was associated with a 0.16% increase in DSTN DALYs. Tables 2 and 3 shows the relationships between deaths owing to terrorism, war and one-sided violence from 1994-2000 and DSTN DALYs in 2002 by age among males and females, respectively. The results were generally consistent with the overall results. Terrorism, war and one-sided violence deaths were significantly related to DSTN DALYs among males and females in all age groups. However, this association was much greater among 0-to-4-year olds: a 1.0% increase in deaths owing to terrorism, war and one-sided violence was associated with, on average, an increase of 0.16% in DALYs lost to DSTN diseases. On average, a 1.0% increase in deaths owing to terrorism, war and onesided violence in 1994-2000 was associated with increases of between 0.04% to 0.08% in DSTN DALYs lost in 2002 among the older age groups (5 years or older).
Results
Discussion
Deaths from terrorist actions, civil war and onesided violence from 1994-2000 were positively related to DSTN DALYs occurring in 2002, even after controlling for baseline percentages of the population using improved water resources/sanitation facilities and a variety of economic measures empirically shown to affect public health. In contrast to prior studies [11, 12] , the adverse impact of terrorism, civil war and one-sided violence on DSTN DALYs was found across a majority of sexage subgroups of the populace. This discrepancy may, in part, be a result of broadening the major exposure variable, civil war deaths, to include deaths owing to terrorist actions and one-sided violence and applying appropriate transformations to the DALY outcome measures to render the data suitable for linear regression analysis. Associations between terrorism, war and onesided violence and DSTN DALYs were also strongest among the very young (0-to-4-year olds), highlighting DSTN diseases as leading causes of child morbidity and mortality with their exacerbation often occurring in conflict-affected populations. Children are vulnerable to DSTN diseases since they have a greater risk of life-threatening dehydration than adults because water constitutes a great proportion of a childÕs bodyweight [2] . Vulnerability to DSTN diseases is even further increased among children with poor nutritional status and those exposed to poor environmental conditions characteristic of conflict [6, 34] . Childhood malnutrition causes about 35% of all deaths among children and it is estimated that 50% of malnutrition is caused by repeated diarrhea or intestinal nematode infections as the result of unsafe water and inadequate sanitation [34, 35] . The prior literature on the public health consequences of terrorism, war and one-sided violence has not generally considered other contributing factors that may increase the risk of specific diseases such as pre-existing vulnerability factors [36, 37] . Although not the focus of this study, the percentage of the population with improved water resources/sanitation facilities was included as the pre-existing control measure, consistent with the Global Burden of Disease (GBD) Study perspective that DSTN diseases can be largely prevented by improving water supply, sanitation and water resource management [4] . That the percentage of the population with improved water resources/sanitation facilities at baseline in 1994 was associated with DSTN DALYs in 2002 among 0-to-14-year olds in the present study highlights the importance of inclusion of disease-specific vulnerability control variables in future research examining the impact of terrorism and related violence on DSTN morbidity and mortality.
DSTN diseases classified as tropical include schistosomiasis, ascariasis and trachoma. These tropical diseases contribute disproportionately to morbidity and mortality among school-aged children, many of whom will suffer chronic, irreversible diseases in later life, including cancer of the bladder, kidney failure and liver fibrosis [4, 34] . Schistosomiasis, ascariasis and trachoma have also been identified by the WHO as neglected tropical diseases that, by definition, largely affect politically marginalized people and minorities [4] . Access to healthcare is a political process from which marginalized minorities are often excluded, a result consistent with the association found in this study between ethnic heterogeneity and DSTN DALYs [11] . Dominant groups defined by ethnicity, language and/or religion shift resources away from minorities and the disadvantaged into government programs that would be of greater benefit to them [12] , a situation that appears to apply equally to countries experiencing peace as well as conflict-affected populations.
This study combined deaths from terrorism, along with deaths due to civil war and one-sided violence to more fully characterize the nature of violence occurring during armed conflict, thereby highlighting all three forms of conflict as substantial public health problems. The present study also benefited from consideration and inclusion of preexisting vulnerability factors into the statistical models and the use of data transformations necessary to ensure the suitability of the data for linear regression analyses. Limitations, however, are noted. There always exists a potential for omitting an important control variable from the models presented herein, but the associated R 2 s were very high, indicating a reasonably complete specification of the relevant influences. Although the results of the ecological comparative design used in this study cannot fully capture within-country variability, they can play an essential role in defining the impact of major public health problems such as terrorism, war and one-sided violence that operate at a population level to influence morbidity and mortality. The measures used in the present analyses were also associated with various levels of reliability across WHO Member States. However, since the mid-1990s, efforts to increase the reliability of study variables has been unprecedented, including implementation of stringent inter-rater reliability standards for coding and quantifying conflict data [38, 39] , increased reliability and coverage of control variables and advances in consistency, completeness and reliability of morbidity and mortality data [40] [41] [42] . These measures are the most reliable that have ever been available [40] , thereby permitting plausible, but tempered, systematic inferences of the longer-term influence of terrorism, civil war and one-sided violence on DSTN morbidity and mortality.
Conclusions
Terrorism, civil war and one-sided violence appear to influence DSTN infectious and parasitic diseases in the longer-term, independent of pre-existing vulnerability and economic factors whose relationship with DSTN diseases have been well established in the literature. The results of this study suggest that international governmental organizations (IGOs) and nongovernmental organizations (NGOs) should prioritize high risk populations for DSTN disease control to include conflict-affected populations with particular attention to young children who are most vulnerable to these diseases in these settings. In view of the indirect or longer-term impact of terrorism and related violence on DSTN diseases observed in this study, control strategies should move beyond short-term provisions for safe water and adequate sanitation facilities, hygiene education, drug therapy, case management and vector control [43, 44] to seek longer-term solutions through health systems infrastructure development. Private-public partnerships concerned with the mass distribution of medicines can also play an important role in strengthening health care systems through the development of rapid, integrated control measures targeted at several related DSTN diseases in conflict-affected populations [45] . Such interventions should be pro-poor, safe and cost-effective, similar to current efforts to mass distribute Mectizan, Albendazole, and Praziquantel for simultaneous treatment of ascariasis, trichuriasis, hookworm disease and schistosomiasis [46, 47] , diseases that are often comorbid and co-endemic in many countries [48, 49] . Beyond intervention, the results of this study help underscore one of the hidden costs of terrorism and related violence providing an additional rationale for promoting peace.
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